Two-component relativistic time-dependent density functional theory calculations with spin-orbit coupling predict yellow and orange-red absorption for BiPh 5 and BiMe 5 ,r espectively,p roviding an excellent explanationf or their respective violet and blue-violet colors. According to the calculations, the visible absorptioni sc learly attributable to as ingle transition from al igand-based HOMO to al ow-energy LUMO with as ignificant contribution from ar elativistically stabilized Bi 6s orbital.S urprisingly,s calar releativistic calculations completely fail to reproduce the observed visible absorption and place it at the violet/near-UV borderline instead.
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Ever since their syntheses in the latter part of the 20 th century, the violet color of pentaphenylbismuth [1, 2] and the blue-violet color of pentamethylbismuth [3] have fascinated chemists. [4] For comparison, it might be noted that PPh 5 ,A sPh 5 ,a nd SbPh 5 are all colorless. [1, 5, 6 ] Surprisingly,d espite the interest in the problem, the colors of BiPh 5 and BiMe 5 have not been investigated with modernq uantum chemical methods. Early extended Hückel (EH) [7] calculations on BiH 5 and subsequents pin-orbit MS Xa [8] calculations on BiH 5 and Bi(CCH) 5 (CCH = ethynyl) correctly emphasized the key role of relativity on the lowestenergy electronic transition: "non-relativistic pentaphenylbismuth would not be violet." Importantly,t he authors also noted am uch lower transition energy for the C 4v square-pyramidal (SPy) form of BiH 5 ,r elative to the D 3h trigonal-bipyramidal form. These earlyc orrections did not deploy any specialized excited-state methodology and simply used a DSCF approach (the HOMO-LUMO gap) to predict transitione nergies. In the present reinvestigation of the problem, we studied BiMe 5 , BiPh 5 ,a nd the as-yet unknown Bi(CF 3 ) 5 with modern groundstate density functiont heory (DFT) andt ime-dependent density functional theory (TDDFT) calculations based on the zeroth order regulara pproximation (ZORA) [9] to the two-component Dirac equation, applied with both spin-orbit coupling (SOC) and as as calar correction. [10] Scalar-relativistic OLYP [11] and/or B3LYP [12] geometry optimizations with large STO-TZ2Pa nd QZ4P basis sets led to nearequienergetic TBP and SPy minima, with the latter less than 0.1 eV higheri ne nergy than the former for all three molecules. In the case of BiMe 5 ,t he transition state for the Berry pseudorotationc onnecting the two conformations was also located and found to be < 1kcal mol À1 higher in energy,r elative to either conformer.T he calculations thus appear to indicate af luxional structure in solution for all three molecules.
These resultsa re consistent with experimentals tudies on pentaarylbismuthd erivatives, where the existence of both conformers in solution could be deduced from opticals pectra;i nterestingly,t heir relative proportionsw eref ound to be independento ft emperature, indicating near-identical thermodynamic stabilities. [7] Also, although the majority of pentaarylbismuth derivatives have exhibited SPy X-ray structures, [4] both BiMe 5 [3] and as ubstitutedp entaarylbismuth derivative have been found to exhibit TBP geometries. [7] For both conformers of all three compounds studied, regardlesso ft he functional, basis set, andr elativistic treatment, our calculations indicate simple HOMO!LUMOc haracter for the lowest-energy electronic transition ( Figure 1a nd Table 1 ). [a] Prof. Dr.J. Furthermore, in each case, the HOMO was found to be an essentially ligand-based MO and the LUMO was found to have substantial (ca. 20 %) Bi 6s character.These findings are qualitatively consistent with the notion that the color of BiMe 5 and BiPh 5 results from al ow-lying LUMO, whose low energy (in spite of the BiÀCa ntibonding interactions shown in Figure 2 ) owes significantly to the relativistic stabilization of the Bi 6s level. Quantitatively, the TDDFT calculations afforded ak ey surprise in that the scalar approximation completely fails to predict an absorptioni nt he higher-wavelength visible range that would account for the blue-violet or violet color of BiMe 5 and BiPh 5 .T he ZORA-SOC calculations largely correct the problem, redshifting the transition energy by > 200 nm to the orange and yellow parts of the spectrum, respectively (Table 1) . By comparison, the choice of OLYP versus B3LYP has ar elatively modest effect on the transition energy of BiMe 5 , as does an STO-QZ4Pv ersus TZ2P basis set. Thus, B3LYP results in ar edshift of approximately 20 nm relative to OLYP,a s does QZ4P relative to TZ2P.F or the as-yet unknown Bi(CF 3 ) 5 , ZORA-SOC predicts at ransition energy in the near-IR, redshifted by 400 nm or more relative to the scalar relativistic value.
In qualitative agreement with EH and Xa calculations, [7, 8] the SPy geometry resultsi nasignificant redshift in the transition A'' 99.7
[a] A" true" SPy structure could not be optimized;a ttempts at obtaining such as tructure led to localm inimai ntermediate between TBP and SPy geometries. [13, 14] ac orrect descriptiono fs pin-orbit effectsm ay be essential for an accurate description of the electronic absorption spectra of 6p compounds.
Experimental Section
All DFT calculations were carried out with the ADF (Amsterdam Density Functional) 2014 program system, [15] employing the OLYP [10] GGA (generalized gradient approximation) or the B3LYP [11] hybrid functional, the ZORA [8] Hamiltonian applied with spin-orbit coupling or as as calar correction, all-electron Slater-type TZ2P or QZ4P basis sets, af ine mesh for numerical integration, and full geometry optimizations with tight convergence criteria. Thermodynamic quantities were calculated as previously described [16] through the standard implementations in ADF.A ll TDDFT calculations with ag iven functional and basis set also employed molecular geometries optimized with the same functional and basis set.
